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Executive Summary

This reportoutlinesthe results of the projectt 59w { AGAY 3 YR hLIGAYAT |
a0lFtS RSLX 2@8YSyild 2umdert&kenwthrolgfi collabofafiof sétyean the
Lawrence Berkeley National Laboratory, the Lawrence Livermore National Laboratory, the SLAC
National Accelerator Laboratory, the Argonne National Laboratory, the Brookhaven National

Laboratory and the Nation&enewable Energy Laboratory.

This project aims to address an emerging need for analysis and tools to understand the impact
of DER adoption trends, driven by policies and incentives, on transmission and distribution
system operations, and thus contribute kejuantitative data to grid planning efforts. This
document describes the architecture of the prototype software framework developed within
the scope of the projectintegration ofunderlying component models leveraged to power the
new prototype, as well @ demonstrations of the tools value when appliedttoee relevant

uUses cases

The necessary functionality of the prototype has been identified multiple levels:

transmission, distribution, and behirtie-meter:

1. ability to run power flow analysis whil@gsidering the economics of grid plangiand
operations

2. behindthe-meter DER deplagyent considering economic optimization of ende
customer objectives

3. integration oftransmission and distribution power flow models to assess impacts of DER
deployment ancbperations orthe bulk electric system

4. integration of geospatial data through thdevelopment mapping and visualization

functionality

To achieve these capabilities, the tool leverages and integrates existingoftate tools for
both behindthe-meter DR costoptimization (DERCAM) and distribution power flow analysis
(GridLabD, GridDyn), while also integrating new automation, mapping, and visualization

capabilitiegGIS)
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The projectalso defined three use cases for to which the prototype softwarddcbe applied

The use cases are

1 Estimation of aggregated DER deployment across large geographic areas
91 Estimation of optimal DER placement and DER impact on voltage stability at the
distribution and transmission level

1 Estimate of optimal hourly DER opedmatal strategies by enrdse customers

Examples results from each use cassng the IEEE 123 standard test feeder to emulate
RAaGONROdzGAZ2Y FS

A~
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subsequent sections.



Introduction

Background

The Grid Modernization Laboratory Consortium (GML@3s established as a strategic
partnership between the U.S. Department of Energy and the national laboratories to bring
together leading experts, technologies, and resources to collaborateegoal of modernizing

the national electric grid. One of the main components of this initiative is the Grid
Modernization Lab Call, which is a comprehensive portfolio of research projects managed by

the national laboratories.

¢ KAAa LINE 2 S GandzOptimizé&tion toplitdiengbE large scale deployment of DER in

I FEAF2NYALFIET Ada LING 2F GKS tA2ySSNI wSIAz2ylf
and consists of a joint collaboration between the Lawrence Berkeley National Laboratory, the
Lawence Livermore National Laboratory, the SLAC National Accelerator Laboratory, the
Argonne National Laboratory, the Brookhaven National Laboratory and the National Renewable
Energy Laboratory. It aims to address needs identified in California to meet gtale of

integrating distributed energy resources in grid planning efforts.

Brief Description

Different states throughout the country are developing aggressive DER penetration targets.
California is in the forefront of those efforts with statewide goatsintegrate 14 GW of
distributed energy resources, including 12 GW of renewable energy, into distribution systems
These ambitious goals require overcoming challenges created by the lack of comprehensive

tools to understand most cosdffective locations BR and impact on overaystem reliability.

The goal of the project is to address this gap and increase the scope and visibility of grid
planning efforts by developing a prototype software framework that couples betinadneter

DER adoption models with&D power flow cesimulation models, supported by geospatial

1 https://www.energy.gov/undersecretaryscienceand-energy/gridmodernizationlab-consortium

2wdzaaStfx WSTINBE yR 2SAaavlrys {(SOSys b/ ItAF2NYALlI Q&
2020" (2012). Center for Law, Energy & the EnvireninPublications. 34.

http://scholarship.law.berkeley.edu/cleepubs/34; CPUC Energy Storage Proceedin@3R1E); AB 2868 (2016)
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visualization capabilities. This document describes the architecture of the prototype software
framework developed within the scope of the project, as well as the uses cases that support

and demorstrate its use.

Narrative

Current practices in grid planning typically rely on a series of methods where bigtemeter

DER, distribution, and transmission studies are conducted separately. BEbleHmaeter
adoption of distributed energy resources (DERgommonly handled with forecasting methods
based on historic data, and distribution and transmission planning typically rely on the use of

specific power flow tools that evaluate different solutions for given operating conditions.

This practice limitshte ability to perform holistic analyses that capture systerde effects,

which are particularly relevant in the context of high levels of behir@dmeter DER
penetration and the associated reverse power flows and load ramping effects. Widespread
rooftop PV, for instance, is currently leading to an important phenomenon commonly referred

G2 a GKS GRdz01 OdzNBSésx NBFESOGAYy3I GKS RNI YL
PV productionKigurel).

The California Duck Curve
The power California has to dispatch to make up for intermittent renewables surges in the late
afternoon hours, creating a curve resembling the profile of a duck.
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Thus, planning and operating the grid of the future requires understanding the drivers to
private deployment and operation of behirttle-meter DER, predting the most likely
locations in the grid where these investments will be made, and estimating the corresponding
grid impacts, both in the distribution and transmission infrastructure. It is the outcome of this
holistic analysis that supports identifyihgcations with the highest need for intervention and

upgrades.

To address this gap, the work conducted throughout this project led to the development of a
prototype software framework that: a) integrates an optimizatibased approach to estimate
behindthe-meter DER investment and dispatch decisions with a Transmission & Distribution
codAYdzt A2y Y2RSET o0 O2y(iNRO6dziSa G2 GKS |yl
Distribution Resources Plans by providing mechanisms that go beyond currentcgsatdi

enable additional flexibility to analyze DER deployment and operation scenarios.

The framework proposed in this project leverages existing capabilities currently available at the
National Labs. Specifically, an upgraded and customized version mric@\Berkeley National
Laboratory's behindhe-meter DER optimization engine DERM is used to find the most
costeffective behindthe-meter distributed generation and storage solutions and estimate
private DER adoption patterns throughout distributioetworks. These DER adoption results

and corresponding dispatch decisions are reflected in distribution networks and integrated with

[ F 6NBYyOS [AGBSNN¥Y2NBE bl dA2yl f [ I 62 Ndsitn#ahidd Q& ¢ N.
platform, ParGrifj that couples GridABD® distribution level network models with GriD§n
transmission level network models and allows estimating DER impacts throughout the bulk
electric grid. DER adoption results, as well DER dispatch and system level impacts are visualized
through a new maping and visualization platform developed by SLAC National Accelerator

Laboratory.

3 https://building-microgrid.lbl.gov/projects/deicam

4 https://www.osti.gov/scitech/biblio/123867aralletpower-grid-simuation-toolkit
5 http://www.gridlabd.org/

6 https://github.com/LLNL/GridDyn



The software developed in this project can be used to support multiple use cases, including the
estimation of aggregate DER deployment across large geographic areas, ithatiest of
hourly DER profiles based on the-@otimization of stacked revenue streams associated with
behindthe-meter distributed energy resources, and the estimation of grid iagpaf DER
deployment both at the distribution and transmission level. hase cases can be analyzed for
multiple DER portfolio options and under multiple policy scenarios and programs, such as

economic incentives or net metering mechanisms.

In the remainder of this document we describe the architecture and different comporants
the prototype software framework and demonstrate its use under different-csges and

scenarios. Further, we discuss how the outcomes of this project can be leveraged to benefit

I'FEAF2NYALFQa 5A3a3GNRAOdzG SR wS & ZddN®&territofids.y & = |
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Prototype software framework

Overview

The software framework developed throughout this project leverages existing technologies
available at the National Labs participating in the effort. These include bothCABER a
behindthe-meter DER investment and optimization tool developed by LBNL, and ParGrid, a co
simulation platform for transmission & distribution networks developed by LLNL. The
integration of these core components required new algorithms to enable interoperability

between the tools, as well as new mapping and visualization capabilities developed by SLAC.

An overview of the software architecture is presentedFigure2. As illustragd, the overall
workflow consists of parsing network data to extract topology and load information, which is
then subject to a load disaggregation process leveraging residential and commerciaseend

load databases. The resulting data is used to creatnge of representative behinthe-meter
investment cases, which are optimized based on existing tariffs, policy incentives, and DER
options. The DER deployments suggested by this analysis are then aggregated back at the
distribution level, and the resuitg grid impacts are estimated by means of power flow analysis.
Both DER deployments and grid impacts can be analyzed using the mapping and visualization
platform. Additional details on each of the software components are presented in the following

section.

Model Integration

Tariff
Database
Network Load Model
Model disaggregation Automation

Load

Database

Mapping and Visualization

DER
Dispatch
Behind-the-meter DER
DER Portfolio DER Deployment
Optimization

Figure2 - Software architettire overview
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DERCAM

The Distributed Energy ResourceSustomer Adoption Modé(DERCAM) is a statef-the-art
decision support tool developed at LBNL with funding from the U.S. Department of Energy. It is
used extensively both by academia and the industry to address the problem of optimally

investing and scheduling DER and micgtinder multiple settings.

The optimization model is formulated as a mixed integer linear program (MILP), and key inputs
in DERCAM include electric, heating, and cooling ars® customer loads, utility tariffs
including electric and natural gas pricagchnoeconomic data of distributed generation
technologies (including capital costs, operation and maintenance costs, electric efficieney, heat
to-power ratio, sprint capacity, maximum operating hours, among others) and circuit topology

to model multtbussystems.

Key outputs of DERAM include the optimal DER investment portfolio, the optimal sizing of
each DER, the optimal placement of DER within the microgrid topology, and the optimal
dispatch of all DER present in the solution, including any load neamagt decisions such as
load shifting, peak shaving, or load prioritized curtailments in the event of outages. In addition,
DERCAM outputs include extensive information on sitéle costs, energy consumption, and
greenhouse gas emissions. Thus, the coppliaation of the model is to find the optimal
combination of technology portfolio, sizing, placement, and operation to supply all energy
services required by the site under consideration, while optimizing the electric and heat energy

flows to minimize cas and / or C@emissions.

The targeted usegroups of DEfEAM include microgrid owners and site operators, industry
stakeholders including equipment manufacturers, and policy makers. Key applications for
microgrid owners and site operators include optigdzinvestment recommendations based on
site-specific loads, tariffs, and objectives. Applications for industry stakeholders include
identifying cost and performance characteristics that will lead to adoption of their technologies

in diverse segments of thenarket. For policy makers, key DERM applications include

7 https://building-microgrids.lbl.gov



determining highlevel impacts on distributed energy resource penetration levels, and
anticipating customer adoption behaviors given changes in electricity rates, dereapdnse

programs, and dierent regulations.

DERCAM supports a wide array of tariff designs found throughout the U.S. with time of use
(TOU) rates, demand rates, and réiate pricing (RTP). Additionally, other specific programs

can be analyzed, including fe@dtariffs, directioad control, and export.

In this project, DERAM was leveraged as the optimization backend that finds the most cost
effective behindthe-meter DER investment and dispatch decisions. This was done across the
range of private customers connected to eacansformer in distribution networks located in

SIFOK 2F [/ ITAFT2NYAlIQa Lh! &aENDwad SedicSehmiNdelt® NR S a ¢
utility functions of private customers and estimate their decisions in reaction to external

economic incentives.

GridLabD

GridLabkD is an open source, free power distribution system simulation and analysis software
developed by the U.S. Department of Energy (DOE) at Pacific Northwest National Laboratory
(PNNL). GridLab integrates the distribution system physicalodel, commercial and
residential building load models, market business models, and user behavior models that can
simulate most of distribution system operations from seconds to decades. GridllLeses an
agentbase modeling framework that is very flexilaled can be easily connected to other third
party systems. GridLdD uses three types of power flow algorithms: Forward Backward Sweep

(FBS), Gauss Seidel (GS) and Newton Raphson (NR).
The GridLaib system includes modules to perform the following systenutation functions:

1 Power flow and controls, including distributed generation and storage
1 Enduse appliance technologies, equipment, and controls
1 Consumer behavior including daily, weekly, and seasonal demand profiles, price

response, and contract choice



1 Energy operations, such as distribution automation, lshédding programs, and
emergency operations

1 Business operations, such as retail rate, billing, and mdr&sed incentive programs

In this project,GridLabD was used to simulate power flows at thestribution system level,
based on loads estimated using BERM and as part of the T&D-sonulation process. Results

obtained from GridLalD include voltagenagnitude as well as active and reactive power

GridDyn

GridDyn is a power system simulator ée&ped at Lawrence Livermore National Laboratory.

The name is a concatenation of Grid Dynamics, and as such usually pronounced as "Grid Dine".
It was created to meet a research need for exploring coupling between transmission,

distribution, and communicabns system simulations.

While good open source tools existed on the distribution side, the open source tools on the
transmission side were limited in usability either in the language or platform or simulation
capability, and commercial tools while quitepadle simply did not allow the access to the
internals required to conduct the research. Thus, the decision was made to design a platform

that met the needs of the research project.

Building off prior efforts in grid simulation, GridDyn was designed totntkee current and
future research needs of the various grid related research and computational efforts. It is
written in C++ making use of recent improvements in the C++ standards. It is intended to be
cross platform with regard to operating system and tmae scale. The design goals were for
the software to be easy to couple with other simulation and be easy to modify and extend. It is
very much still in development and as such, the interfaces and code are likely to change, in
some cases significantly asore experience and testing is done. It is our expectation that the
performance, reliability, capabilities, and flexibility will continue to improve as projects making

use of the code continue and new ones develop.

In this project, we leverage GridDyn to abte the coupling between Transmission and

Distribution power flow simulations.

10



ParGrid

ParGrid is a software ‘wrapper' developed at Lawrence Livermore National Laboratory. ParGrid
integrates a coupled Power Grid Simulation toolkit consisting of a libi@rynanage the
synchronization and communication of independent simulations. The included library code in
ParGid, named FSKIT, is intended to support the coupling of multiple continuous and discrete
event parallel simulations. The code is designed usingemodbjectoriented C++ methods
utilizing C++11 and current Boost libraries to ensure compatibility with multiple operating

systems and environments.

Model Integration and Automation

Model integration and automation aims at integrating the DER adoption elydohsed on
multiple DERCAM runs, with power flow analysis tools, such as GridbABhus, the
integration platform needs to read GridLABfiles, extract and disaggregate net loads into
representative buildings, run DEERAM cases for each building, agggte the results and parse
them back to the network model format to allow power flow analysis. This integration platform
includes different parsers, data analytics and interoperability modules that allowd28Rto

be used as an adoption model for steadiate analysis of the distribution grid. From the
implementation perspective, this platform requires a software architecture that integrates
three different frameworks: GridLAB, describing input and output structures, GAMS, where
DERCAM source code implemented, and Python, to implement data analytics algorithms and
interoperability modules.Figure 3 presents the architecture of the model integration and

automation

11



Adoption Tool: Model Integration and Automation

Generate
Load
° —»  DER-CAM
Input

Loads —_—

T

Disaggregation

Metwork Input Circuit data DER-CAM «— DER-CAM
- _— = o
File parsing Source Code —» API
. DER-CAM
Network Aggregation a—— Results
Power Flow ~_ CulPut l
Analysis
Met Load MNet Load
Schedules Results Parser
GridLAB-D
Python
GAMS

Figure3 - Overview of Model Integration and Automation

Circuit data parsingThe first step in integrating DEFAM with GridLa#® and enabling an

integrated analysis consists of parsing distribution system data. This incbagésring the

attributes of different network elements, such as load data from distribution transformers, or

the length, impedance, and thermal limit from each line segment. In this project, we use the

|IEEE 123 standard test feeder to emulate distribukfo8 SRS NAE | ONRaa SI OK 27F

Load disaggregatianGiven the scarcity of data typically found in distribution network models,

an important step in enabling an integrated system analysis consists of creating disaggregated
load profiles, particdrly in cases where only representative data is available. We developed
GKA& OF LI oAfAGE aldl NI Ay 3 -seredideta, TolNaPgiven el of iskdd K 2 U €
defined assumptions (e.g. system peak timestamp, load classes, and customer distjibutio
Further, we implemented and tested several algorithms for disaggregation and optimized the
process. This is illustrated FFigure4, where the results obtained fadifferent algorithms is

presented (includes quadratic and mixed integer quadratic programming, with different

supporting heuristics)

12



Warehouse
17500 Cumulative load before disaggregation__ ___ o SuperMarket
StripMall
Stand-aloneRetail
SmallOffice
SmallHotel
12500 SecondarySchool
ResidLow

15000

10000 ResidHigh

ResidBase
QuickServiceRestaurant
PrimarySchool
OutPatient

5000 MidriseApartment
MediumOffice
LargeOffice
LargeHotel

Hospital

0 FullServiceRestaurant

7500

Mean Load [kW]

2500

Ideal
MIQP-int-fast
QP-float
(not feasible)

QP-rfit
QP-rfit-soph

StatusQuo-QP-rint

Figure4 - Results of disaggregation for PG&E load data under different algorithms
GenerateDERCAM input The next step in the integrated analysis consists of generating the
input parameters required to create and execute a HEMM model based on the
disaggregation results. This was achieved by developing API endpoints that enable streamlining
the use of information from the different DERAM databases (e.g. building load and weather
data) and by developing a Python welent for the DERCAM server, both of which were

integrated in the software prototype.

Parsing and aggregation of DEFAM reslis: Following the process of creating DERM jobs

and sending requests to the server, a new step of data parsing is required. A singlADER
model typically consists of several hundred thousand to a few million equations and variables,
naturally leadilg to a very lengthy set of results. To limit the set of results to those relevant for
the integrated analysis, we developed a parser that allows extracting and aggregating all

meaningful DEfCAM results back to the node level.

Model automation Performinga comprehensive analysis around the impact of DER on
distribution networks and understanding how it may be influenced by different tariff levels,
requires building and executing a very large number of models, both be¢haheter and at

the distribution ystem level. Different optimizations and simulations must be carried out for

13



each modification made to each tariff of interest. To achieve this, we developed the API that
enables executing an arbitrary number of BERM runs and automate the respective paw

flow calculations.

Mapping and Visualization

The mapping and visualization tool is developed using the Django framework. Django is a high
level Python Web framework that is widely used within industry. The goal of the mapping and
visualization tool iso parse, clean and visualize data from the-somulation components
(GridDyn, Gridlald and DERCAM), and the GIS information. All the source code and
documentation are made available at https://github.com/eckara/GMLC. The developed tool

can be host as aab-page, or it could be run locally using Python.

The landing page includes brief description of the project, and the DER penetration scenarios
included in the cesimulation analysis as shown kilgure5. The visualization tool provides two
different views for the distribution system, and a single view for the transmission system
results. The distribution system results encapsulate DERCAM and @idiadults, and ta
transmission system results show the GridDyn results. These views can be accessed through

the navigation bar.

14



GMLC 1.3.5 Distribution~ Transmission About Contact

GMLC 1.3.5: DER Siting and Optimization tool to
enable large scale deployment of DER in California

Department of Energy Grid Modernization Laboratory Consortium (GMLC) is working on Project 1.3.5, “DER Siting
and Optimization tool to enable large scale deployment of DER in California®. The goal of the project is to develop a
prototype software framework to couple behind-the-meter DER adoption models with transmission and distribution
power flow co-simulation models, supported by spatial visualization of results. This document describes uses cases
to test the software prototype.

Different states throughout the country are developing aggressive DER penetration targets. California is in the
forefront of those efforts with statewide goals to integrate 15GW of distributed energy resources, including 12 GW of
renewable energy, into distribution systems. These ambitious goals require overcoming challenges created by the
lack of comprehensive tools to understand most cost-effective locations DER and impact on overall-system
reliability.

Figure5 - Landing page of the mapping and visualization tool

The distribution system utility view shown Kigure6 automatically grabs available scenario

results in different territories and populates a drolewn menu for the user the select from.

This view defaults to the previs query by the user, or to PG&E base scenario as default.

GMLC 1.3.5 Distribution~ Transmission About Contact
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The utility view includes a map of the system including the lines, substations, nodes and homes.
The home, node and line elemis on the map are interactive, and can be clicked to update the
results presented in the graphs below the map. This interaction is obtained via dc.js,-a high

level interactive data visualization library.

The graphs include a pie chart capturing the ollegganeration per end use type, an area chart
showing the average monthly purchase as well as generation time series;cagstewhich
shows the overall monthly utility purchase portions per month, voltage magnitude on nodes,
active power flows and reae® power flows on all three phases. If the user is interested in
results from a certain node or a line element only, it is possible to click those elements on the
map, and update the results displayed on the graphs. It is also possible to filter through
weekend and weekday load profile results, and different months using the monthly utility
purchase pie chart. Ifrigure7, we demonstrate this capability on node 40 tbe month of

August on PG&E territory, and assuming possible investment in béiéacheter PV.

R pagemo

&
[

"~ Hour of Day : ) B : : : * Hour of Day

Figure7 - Distribution system utility view, filtered results
Note that it is possible to see the hourly solar generation withinpacgl weekday during the
month of August, furthermore, we observe the imbalance at the node voltages, in particular an

increase on Voltage B hinting that an unbalanced amount of solar generation panel could be
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connected to Phase B. Finally, the generagen end use type piehart shows that all the PV
installations are on residential locations for this node.

Another key view for the mapping and visualization tool is the comparison view. The
comparison view makes it possible to compare two scenariosksidgde and is very similar to
the utility view in terms of filtering function. A snapshot of the comparison view is given in
Figure8 for reference, where the reswudtare shown for the same node both in the reference

(do-nothing) and PV deployment scenario.

——
~=QunQ

"~ Hour of Day

Energy,kWh]
Energy,[KWh] s E

Figure8 - Distribution system comparison view

The transmission view includes the buses captured in the diagram giEgure9. These are
included in the transmission simulation for different scenarios, with loads from SCE, PGE and

SDGE to see impacts on the transmission network.
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Figure9 - GIS Transmission view
The transmission results obtained from GridDyn includes voltage magnitude and angle, active
and reactive power on buses, as well as, active and reactive power from and to at each line.
These resultare displayed on the transmission view, and similar interaction exists for each

node and line on the map.
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Distributed Resources Plans

One of the key contributions delivered by this project consists of extending or complementing
the analytical frameworlR S @St 2 LISR dzy RSNJ (KS O2y GSEG 27F [/ I
Plans (DRP).

In this section, we summarize the current DRP legislation and analytical framework, and detail

the different areas where the outcomes of this project may be beneficial.

Legislabn and Overview

On October 7, 2013, California Assembly Bill 327 (AB 327) was signed into law by Governor Jerry
Brown. As part of this Bill, Section 769 laid the groundwork for future planning focused on the
integration of distributed energy resources (BE Ay (G2 [/ Ff AF2NY Al Qa RAal
Scheduled to take effect January 1, 2014, this section of the public utilities code required the

three IOUs to file separate distribution resources plan (DRP) proposals by July 1, 2015. The DRP
was designé to serve as a foundation for integrating DERs into shorter and |eeger

planning and operations. The code described the structure and requirements for the reports to

be written by each of the IOUs and served to identify optimal locations for DERydegib as

well as present the path forward to thinking about DER integration into the existing distribution
system. The text box below provides an excerpt containing this portion of the legislation.

l'a a0l dSR Ay GUKS O2RS3I (oRAmnINNKiowniaS BERSgS MH & NI
distributed renewable generation resources, energy efficiency (EE), energy storage, electric
vehicles (EV) and demand response (DR) technologies, most of which are located on the
customera ARS 2F GKS VYSKHSNES BHPNDE hHYSKAFVRIKS OKI €
consistent DER integration techniques is that each technology has different technical,

installation, and operating characteristics that need to be considered.

To help meet the goals stipulated in Sectior97éhe California Public Utilities Commission
(CPUC) initiated a rulemaking, RAB013 in August 2014 with the goal of establishing policies,

procedures, and rules for the development of the DRPs. Appropriately named;I8-0148 is
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titled Order Instituing Rulemaking Regarding Policies, Procedures and Rules for Development
of Distribution Resources Plans Pursuant to Public Utilities Code Section 769, the Assigned
/| 2YYA&aaA2ySNRa wdz Ay3 2y Ddzi RIgDStRbutiereRedorcedzo £ A O

Planning.

This Order provided a schedule for stakeholder engagement with the IOUs, including a
workshop and conference as well as consideration of a think piece written by California
LyaidAaddziS 2F ¢SOKy2f2328Qa Mdeihanh Shriprt: A Brimeworky | 6 A f
G2 al1S GKS 5Aa0NRO6dziA2Y DNAR a2NB hLISYy:I 9FFA
LINE ARS daiNFGS3IAO FNIXYSg2NJl a YR FdzZARAY I LINA
development of the DRPs. The papeegented four principles for consideration:

Distribution planning should start with a comprehensive, scenario driven, multi stakeholder

planning process that standardizes data and methodologies to address locational benefits and

costs of distributed resouss.

P

I FEAF2NYAlI Qa RA&GGNAROdziA2ZzY aeadsSy LIXlFyyAy3a:s
open, flexible, and nodé&iendly network system (rather than a centralized, linear, closed one)

that enables seamless DER integration.

/[ £ ATF2NYA I Buion ServBeOopaxdios (DB®A)&hoNd have an expanded role in utility
distribution operations (with CAISO) and should act as a technolegiyal marketplace
coordinator and situational awareness and operational information exchange facilitator while

avading any operational conflicts of interest.

Flexible DER can provide value today to optimize markets, grid operations and investments.
California should expedite DER participation in wholesale markets and resource adequacy,
unbundle distribution grid opetions services, create a transparent process to monetize DER

services and reduce unnecessary barriers for DER integration.

These four principles represent what the CPUC refers to as the More Than Smart initiative that

FNE Ay Of dzZRSR Ay @d& to/ the! IOU3 CPWU Mddll GuidamdzAssigned
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Commissioner Ruling on Distribution Resource Plans, Filed February 6, 2015 undeiO®IR 14

013). For each regulated utility, the Formal Guidance provided the exact structure for the DRP.

California Public Utities Code Section 769

http://leginfo.leqislature.ca.qgov/faces/codes displaySection.xhtml?lawCode=PUC&sectionNum

DIVISION 1. REGULATIONPOBLIC UTILITIES [26260]
(Division 1 enacted by Stats. 1951, Ch. 764.)

PART 1. PUBLIC UTILITIES ACTZ20Q]

(Part 1 enacted by Stats. 1951, Ch. 764.)

CHAPTER 4. Regulation of Public Utilities {220]
(Chapter 4 enacted by Stats. 1951, Ch. 764.)
ARTICLE 3. Equipment, Practices, and Facilities TB&]
(Article 3 enacted by Stats. 1951, Ch. 764.)

Section 769.

Tcp® O0F 0 C2NJ) LzN1J2asSa 2F (GKAa aSOdA 2y genciatoh
resources, energy efficiency, energy storage, electric vehicles, and demand response technolo
(b) Not later than July 1, 2015, each electrical corporation shall submit to the commisg
distribution resources plan proposal to identifytopal locations for the deployment of distribute
resources. Each proposal shall do all of the following:

(1) Evaluate locational benefits and costs of distributed resources located on the distribution s
This evaluation shall be based on reductionsnareases in local generation capacity needs, avo
or increased investments in distribution infrastructure, safety benefits, reliability benefits, anc
other savings the distributed resources provide to the electrical grid or costs to ratepayérs

electrical corporation.

(2) Propose or identify standard tariffs, contracts, or other mechanisms for the deployment of
effective distributed resources that satisfy distribution planning objectives.

(3) Propose costffective methods of effectivgl coordinating existing commissi@pproved
programs, incentives, and tariffs to maximize the locational benefits and minimize the incren
costs of distributed resources.

(4) Identify any additional utility spending necessary to integrate-etfective distributed resource;

21


http://leginfo.legislature.ca.gov/faces/codes_displaySection.xhtml?lawCode=PUC&sectionNum=769

into distribution planning consistent with the goal of yielding net benefits to ratepayers.

(5) Identify barriers to the deployment of distributed resources, including, but not limited to, s
standards related to technology omeration of the distribution circuit in a manner that ensurn
reliable service.

(c) The commission shall review each distribution resources plan proposal submitted by an el
corporation and approve, or modify and approve, a distribution resourcas far the corporation,
The commission may modify any plan as appropriate to minimize overall system costs and m
ratepayer benefit from investments in distributed resources.

(d) Any electrical corporation spending on distribution infrastructure seagy to accomplish th
distribution resources plan shall be proposed and considered as part of the next general rate g
the corporation. The commission may approve proposed spending if it concludes that rate
would realize net benefits and thessociated costs are just and reasonable. The commission ma
adopt criteria, benchmarks, and accountability mechanisms to evaluate the success of any inve

authorized pursuant to a distribution resources plan.

Review of Key Components of Catifa DRPs

On July 1, 2015, all six regulated invesiamed utilities in California submitted their DRP
applications for approval by the CPUC. In this section we provide a summary of some of the key
components of the reports for the three main IOUs in tbiate ¢ Pacific Gas & Electric,

Southern California Edison, and San Diego Gas & Electric.

As previously mentioned, the Formal Guidance for the DRPs to the IOUs asked each utility to
address a series of analytical frameworks as a means of facilitatingtégration of DERs in a
potential future with enhanced DER penetration. The three analytical frameworks in¢lude
integration capacity analysis, optimal location benefit analysis, and DER growth scenarios. For

the three major I0OUs, we discuss each of theameworks.

Integration Capacity Analysis
Although slight differences exist, each of the three major California I0Us adhered to a
consistent methodology for conducting their integrated capacity analysis (ICA). Here we

summarize what was done for eachtb& major utilities.
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Pacific Gas & Electric

Pacific Gas & Electric (PG&E) represents one of the largest combined natural gas and electric
utility companies in the U.S. As the largest investened electric and gas utility operating in

the state of Califania, PG&E covers over 70,000 square miles and serving approximately 16
million people in the northern half of the state. The DRP submitted by PG&E helps support the
Smart Grid Program, Electric Program Investment Charge (EPIC), afith@&Onitiatives ad

facilitate modernization of its electric distribution system as well as accommodatemayo

Ft2pa 2F SySNHE& FyR SySNHe& aSNBAOSaoe !'a adld
choice for new technologies and services and providing new opportarfiienew DERs to be
AYGS3INIGSR 2yid2 GKS 3INARODE

PG&E performed the Integration Capacity Analysis (ICA) as a way of determining the amount of
potential available DER within the distribution system. The analysis considered more than 3,000
distribution feedes containing roughly 500,000 nodes across more than 100,000 line sections.
The line sections that PG&E chose represent those most impacted by changes in installed DER,
while the nodes chosen represent the broad range of hosting capacity that considengvary
levels of impedance in the system. The methodology PG&E used to perform the ICA is similar to
the EPRI approach for representing the hosting capacity for PV interconnection. The Formal
Guidance required each of the 3 major utilities to use similarra@@ghes to maintain

consistency and transparency among these utilities.

The PG&E ICA used a load forecasting tool, LoadSEER by Integral Analytics, to assess the
impacts on load and generation as a means of informing potential future investments. For the
ICA, PG&E developed hourly load profiles at the feeder, substations, and system level using
SCADA metering data for approximately 245 Distribution Planning Areas designed to represent

a typical day for various customer types in the PG&E service territopowa&r flow modeling

tool, CYMDIST by CYME International was also used in the ICA to assess impacts on power flow
down to the transformer level within the distribution system. The tool considered conductors,

line devices, loads, and generation. Using bibth load forecasting tool and the power flow

model, PG&E evaluated various power system criteria including thermal limits, power quality or
voltage limitations, protective line limitations including fuses and relays, and various
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safety/reliability issuesTaken from the PG&E DRRgurel0 below shows the various criteria
considered in the power flow analysis as indicated by the Initial Analysis, together with

additional consideration for future analysis (PG&E DRP, pg. 33).
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Figurel0- Criteria for Power System DER Capacity Limits

In the PG&E ICA analysis, the thermal limits for each hour were assumed for each substation
transformer, circuit lpeaker, primary conductor as well as main/tap line devices. For this set of
equipment, the ICA compared on an hourly basis whether the DER asset is within these limits.
With respect to protection criteria, the ICA considered that DER can lower the arobéentlt

current that is coming from the substation and that a possible fault contribution from the DER
might trip the feeder or impact fuse limits of a device. For power quality, the ICA considered
voltage flicker and modeled the maximum DER size thapkéee voltage flicker below a given
threshold. And considering safety and reliability, the ICA avoids potentially unsafe islanding
situations as well as limiting transmission system DER penetration. Whatever power system
criterion that has the most limitig capacity impacts establishes the ICA result for that line

section.
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The results of the ICA are provided on a pufding website called the Renewable Auction
Mechanism (RAM) Map. The map shows each line by color coding the maximum DER capacity
as a wg of informing DER developers and customers where the most attractive or constrained
areas for DER siting are located. Also provided as part of the results of the ICA are the total DER
capacity by each PG&E county, indicating that Fresno County has Htegrpotential for DER
growth within this service territory at more than 316 MW followed by Santa Clara (171 MW),
Contra Costa (154 MW), Alameda (141 MW), and Kern counties (124 MW). As the DRP states,
the results from the ICA are only considered up te #ubstation level and therefore does not

account for impacts or influences occurring in the transmission system.

Along those lines, it is important to note here that the power flow modeling considered in the
LBNHed GMLC project offers a much more sofibeéted representation of not only the
distribution system flow components but also includes consideration of the upstream

transmission system impacts, as discussed in Section 1.3.

Southern California Edison

Southern California Edison, a subsidiary of @&udisternational, is the 2nd largest electric utility

in California, serving more than 14 million people and covering more than 50,000 square miles
in the Central, Coastal, and Southern portions of the state. SCE maintains more than 105,000
miles of distibution line and 1.4 million electricity poles. Acknowledging that the electric grid of
the future will look a lot different than it does today, SCE is focusing its distribution planning
efforts that consider bidirectional flow from a variety of differenéngration sources with
widely varying usage characteristics. In 2015, SCE estimated more than 4,300 MW of DER
deployed in its service territory, more than half comprised of energy efficiency or demand
response and most of the other half from distributednesvable resources. The DRP is well
FfEAIYSR 6AGK {/9Qa 9ySNHe& 9FFAOASyOex /[ FftATF2I

Programs that will incentivize expected DER adoption.

The methodology used by SCE to perform the ICA is consistent withtltee California 10Us.
{/9Qa L/!' ljdzZyiAFTAaisSa GKS 59w LRGSYGAlIft 6AGKA

thermal ratings, protection system limits, and power quality and safety standards of existing
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equipment similar to what PG&E consideredCESpartnered with EPRI to help benchmark
NBadzZ G6a YR NBGASG K2adAy3ad OFLI OAGeé LI N¥YS3GSN
CYME Distribution Analysis and Scripting Tool as a means of performing the ICA by modeling

the distribution system down tolte line level. Each distribution circuit was divided ifdar

line segments as a way ehabling flexibility in managing loads, especially with high levels of

DER.

SCE considered a group of 30 representative circuits usingeaks clustering techniqu

allow for ease of scaling across the entire service territory. The distance from the substations to
the circuit and its inherent resistance was used as a direct means of extrapolating results from
the ICA to each circuit in the territory. As such, tlestmg capacity decreases as the resistance

from the source substation increases. Based on the representative circuits assumed in the
analysis, higher voltage lines have a higher hosting capacity. SCE believes the approaches used

for the DRP will be useftor future analyses.

Per the Formal Guidance, the results of the ICA were made available through publicly available
gSo0arisS akKz2gAy3a 3IS2aLI GAFt YILA 2F GKS 59w Kz
mapping tool, DERiIM, was designed for custasnand developers to easily view specific
locations and allow for filtering by voltage size or hosting capacity threshold as a way of

informing potential developers.

San Diego Gas & Electric

San Diego Gas & Electric, a division of Sempra Energy, is th&athiest regulated public utility

in California, serving 3.6 million people through 1.4 million metered customers spanning 4,100
square miles across San Diego and Orange counties. As of May 2015, the utility estimated a
total of 17,000 PEVs.

Consistentwi K t Dg9 |yR {/9X {5D39Qa L/! YSGK2R2f 23
a result of design standards and operating criteria. For the DRP, SDG&E worked with Integral
Analytics (IA) to serve as a secondary check of SDG&E methodology. As was @&&E,ithe

LoadSEER software package was used to provide spatial load forecasting. Each distribution

circuit was divided into three zones and simulated to add DER generation to each zone until

26



one or more limits was exceeded. The model was run by placingiéhegenerator at the end

of each zone and run with a power flow model to check for voltage threshold violations (> +/
3%), thermal exceedances of equipment, and any faults on the line. If the scenario passed these
3 criteria, the line was assumed to be whth this capacity amount for DER. Each circuit is
evaluated at two distances from the main feeder representing rural and urban locations. The
three same limitg thermal, voltage, and protection that were considered by PG&E and SCE are

part of the SDG&ECA and provided as a publicly available webpage mapping RAM tool.

Optimal Location Benefit Analysis

The Guidance Ruling directs the structure of the locational net benefits methodology. The
approach is consistent across the utilities, with SDG&E ande®€Eng to it as the Locational

Net Benefits Methodology (LNBM) in the DRPs. Using this methodology, the results presented

in the DRP provides the potential cost, either avoided or increased, as a result of DER
placement at specific locations within tlstribution system. As a starting point, each utility

used the CPU@pproved CosEffectiveness Calculator developed by E3 as well as other
O2YLRYySylua y2i NBFSNNBR (2 a4 G§KS DdzARIYyOS w
among the CPUC, SCE, SDG&#& PG&E as well as other stakeholders, the E3 model selected

for this analysis was the Distributed Energy Resources Avoided Cost Calculator (DERAC).

Starting with the DERAC tool and then with additional considerations, the locational benefit

analysis cosiders nine components as described below:

1. ¢ KS ¥ A N&A (-Trahsiissio Subsiafiotzoand Feeder Capital and Operating
9ELISYRAGIINBAE HKAOK NBLINBaSyid G(GKS I @g2AR¢
changes in forecast load growth. This consideratiotuahes possible deferred need
to invest in substation or distribution line upgrades as a result of more DER
penetration. The analysis considered estimates the locational impact as the
difference between the deferral benefits and the capac@lated costs dr
interconnecting DERs at the feeder level. Because different DER technologies
provide benefits at different times of the day, the analysis needs to consider the

hourly profile of say the DG PV generation together with load profile at the site and

27



its ablity to offer economic benefits without potentially exacerbating the dackve
phenomenon.

¢CKS a2t dF3S YR t26SN) vdzZlf Ad& FyR hLISNI I
or power quality impact as a result of DER output typically occurs during peak load
periods and is represented as the difference between the deferral benefits and the
voltage or power quality costs of interconnecting DERs at the feeder level.

tKS 9t SOUGNRO 5Aa0GNROdzGAZ2Y WSEAFOATAGEK W
componentrepresents the deferred or accelerated need for additional reliability or
resiliency investments, which typically is of concern during peak load hours and is
considered at the feeder level.

¢KS G5STFSNNBR 9f SOGUNRO ¢ NI yAIRLASARNT dZNB A £C
its name suggests refers to the avoided or increased transmission line or substation

costs associated with potential enhanced DER. This component is represented as the
difference between the deferral benefit and the transmission capacdgts for
interconnecting DERSs at the substation level.

¢tKS a{e&adsSy 2N [20If w! /2aGa¢ I NB GKS
procure RA capacity. The amount of DER capacity not including what is considered in

the CEC IEPR load forecast or otsterdies used to estimate RA requirements using

an Equivalent Load Carrying Capability (ELCC) approach. The marginal ELCC is used to
determine the impact due to DERs and uses a price forecast of system RA to
estimate the price impact at the LCR area lesieCf SEA6f S w! ¢ NBTFSNA
or increased costs when flexible RA capacity is procured. The amount of flexible RA

is determined as the difference with and without DER in place and considers the

hourly dispatch constraints throughout the day of resces like PV.

¢tKS AGaDSYSNYXaGA2y 9ySNHe FyR DI D¢ NBLINBaS
purchase electricity and the related cost of GHG emissions using hourly load profiles
specific to each DER that would be translated to an impact on cost including the
sidiSQa /1L FYR ¢NIJRS DID SyrAaairzya 0O02aio
GKS /!'L{h tb2RS tS@St®d Ga9ySNBHBe& [2aaSa¢ I N

Qx
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due to losses on the T&D system that result from either an increase or decrease in

DER prsence in the system. For this component, an hourly loss factor is estimated

based on whether the DER asset is not generating and losses are present-or vice
GSNEI G GKS tAYyS aSOlAzy tS@Std a! yOAt |
to procureancillary services using a PG&E rule of thumb that ancillary service costs

can be captured by increasing the energy price forecast by 1 percent, a common
FaddzYLWiA2y Ffaz2 dzaSR Ay GKS 59w!/ (22t d
procure energy to reet RPS requirements based on a determined RPS price
premium.

7. ¢CKS awSySglofS LyGSaINIdAz2y [/ 2aladatedd NE (0 K¢
costs associated with integrating renewable resources. For DERs that avoid RPS
procurement from wind or solarhe integration cost for the wind and solar is also
avoided. For DERs that are wind or solar, an integration cost is included.

8. ¢tKS G{20ASGlf ! @2ARSR /2aGa [AYy]1SR (2 5
incremental costs to society that are not tied toliyi rates or costs.

9. ¢CKS atdzofAO {IIFShe ! 2ARSR /2434 [AY{1SR 1
or increased safety costs not represented in other components of the analysis.

With these considerations, the locational benefits methodology can easilintegrated into
longterm planning initiatives including the CEC IEPR, and CPUC TPP and LTPP as the future of

DER evolves over time.

DER Growth Scenarios

A total of three 10year scenarios of forecasted DER growth by technology through 2025 are
presentedas part of the growth scenarios required in each DRP. Included with each scenario is

an estimate of the DER geographic dispersion down to the feeder level and distribution
planning impacts. The growth scenario analysis considered a wide range of DERadgielsnat

or above 20 MW in size energy efficiency, demand response, distributed generation in the

form of solar PV, CHP, or fuel cells, retail storage, PEVs, CHP on a CHP Feed in Tariff Program,

wholesale solar and biomass, and wholesale storage.
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Acording to the DRP, the approach used to conduct the growth scenario analysis represents an
industry-leading effort by the major IOUs in California as the Guidance Ruling required
geospatial dispersion of DER growth scenarios. The three scenarios are ligecensistent

with the CEC IEPR forecasts:

A ¥ 4 A x

T Scenario I ¢ N} 2SO00G2NE 02NJ 9ELISOGSRO 59w DNRgGK
forecast
1 Scenario & High DER Growth reflects adoption that is possible with increased policy
interventions and technology/marketnovations
1 Scenario 3¢ Very High DER Growth is a scenario that is only likely to occur with
significant policy interventions
{OSYFNA2 ™M A& RSaAdIySR (2 NBLINBaSyd | Y2RSal
infrastructure planning with lité change from existing procurement policies or business
practices. This case assumes no additional dersiahel small PV or CHP so Scenario 1 assumed
procurement targets for both as established by CPUC in its LTPP. This scenario was designed to
largelymimd / 9/ Qa4 wWwnanmn L9tw WIiNI2SOU2NEQ Ol aSo

{OSYFNA2 H A& &aAYAEFN G2 GKS /9/Qa L9tw | A3IK
developers and LSEs regarding their forecasted DER. The major I0Us issued a solicitation on the
DER service list requestingpird party DER owners and/or vendors to provide any -non
confidential DER growth forecast data for consideration in Scenario 2. This scenario assumes
more costeffective PV, moderate residential Zero Net Energy driven adoption, and some relief

to market bariers for DER growth.

Scenario 3 represents a very high potential DER growth assumption that incorporates the
adrisSQa 3I2rta FT2NJ DID NBRddzOGA2yasx NBaz2dz2NDOS
distribution reliability and resiliency. This case takes %@ Y & A RSNJ G A2y (KS D2¢
Energy Policy Goals of 50% of electricity from renewables, 50% reduction in petrinielath

cars, 50% reduction in electricity used in existing buildings, Zero Net Energy Goals, the
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Goal of 5% of peak load among others.

The figures below show the estimated impact from each growth scenario over time for two of

the three major 1I0Us in California, PG&E and SDG&E, respectively. SCE didvidat @ro
comparable illustration in their DRP.
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Figurell- PG&E Estimated Impact on System Peak under Growth Scenarios
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Figurel2- SDG&E Estimated Impact on Peak Demand under Growth Scenarios
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Extending tle Benefits of California Utility DRPs to Current Work

¢CKS 5wta &adzZLIR2 NI [/ FEAF2NYALFIQa SySNHe LkRfAaoe
greenhouse gas (GHG) reduction targets while recognizing the important role that DERs may
have in meeting thesgoals. They also support the modernization of the electric distribution

system to accommodate doiirectional flow of electricity as well as provide graphical geospatial
animations for DERs opportunities. The efforts of the DRP have laid important grodnawor

GKS adlradSQa YAaarzy Ay Sy@rAarzyAy3a | Fdzidz2NB
large amount of DER. The efforts of this project are a direct complement to many key facets of

the DRPs as discussed below.

Transmission System Feedback

The DRPs submitted by the utilities served as an important foundation for thinking about the
longer term vision of enhanced DER penetration throughout California. Some parts of the DRPs
considered analysis down to the transformer or feeder level with-cgaily time steps, but

power flow modeling performed in the ICA analysis was confined to the distribution system.

The power flow modeling considered in this project offers a much more sophisticated
representation of not only the distribution system flow comrmamts with the use of GridLAB,

but also includes consideration of the upstream transmission system impacts in a dynamic
FSSRol O]l f22L) dzZaAy3a [[b] Qa DNARS58y Y2RSt® ¢KA
both power flow models that are couple¢’il 2 ¢ KI 6 Qa OFftf SR t | NDwL5®
framework will provide a more realistic view of impacts to both the distribution and
transmission systems that system operators can potentially be used to assess current and
future scenarios of enhanced DERoption in California as well as aid in potential DER

investment planning.

Greenhouse Gas Emissions

The state is keenly focused on doing all it can to meet the ambitious GHG targets for 2020 and
2025 and have ensured that guiding work products like the IEBER or the CAISO Long Term
Procurement Plan as well as the DRPs issued by the utilities serve this goal. At the heart of the

this project, DEfCAM is able to consider DER technologies that are aligned with reducing
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emissions in the state as well as pawithe underlying information required to quantify the

resulting benefits.

Alleviating the Duck Curve

As previously mentioned, the large amount of rooftop solar PV in California is resulting in a
daily load profile referred to as the proverbial duck curecording to a recent report by NREL,

the outlook through 2020 as forecasted by CAISO shows this load imbalance to continue to be
accentuated as a result of continued growth in PV. The technological limitations of solar PV and
its reliance on hours of #hday when the sun is available leads to the phenomenon of-over
generation in the afternoon when the sun is shining and a dramatic increase in net load after
the sun sets (NREL 2015 ). This phenomenon highlights the need for flexible resources that the
DRR have stated should be able to quickly adjust to changes in grid conditions throughout the
day. This project directly addresses this concern with consideration of various DER options that
can help alleviate the steepness of the curve in the late afternabtime. The inclusion of
storage coupled with PV as a DER portfolio option is one example that considers the subset of

customers that can participate in demamnesponse programs.

Graphical User Interface

The DRPs offer a geospatial mapping of DER fetext@apacity by technology type, providing a
broad overview and perspective of the most attractive DER locations across the state that can
be assessed from a web API. These maps were produced down to the feeder level across the
service territory for two érecast years, 2020 and 2025. Prior to the DRPs, no visual depictions
were publicly available that could provide such a broad overview of DER potential across the
state while still displaying information down to the feeder level. In this project, enhanced
geospatial visualization capabilities have been developed that can display this same level of
information enhanced for both the distribution as well as transmission impacts from the

various DER options, a significant enhancement to what was developed DRRs.

Neutral perspective
¢tKS 5wta GKFEG 6SNB AadadzSR dzy RSNJ 6KS aidlFGdSQa

developed by each utility, albeit in coordination with other stakeholder entities. As such, it can
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be argued that the results presesd in each plan provide a biased perspective of DER capability
and future potential. Although somewhat different in scope, this project offers a neutral
perspective across all three major I0Us that can be used by stakeholders and policymakers to

help makeinformed decisions about potential future DER investments.
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Prototype Software Framework Demonstration

To highlight the potential applications of the tool delivered by this project, the team carried out
a demonstration study built around distinct use casas described in the following sections.
Each of these use cases was evaluated considering different DER portfolio options to further

illustrate the flexibility of the model.

Use cases

Use case 1: Estimating the aggregated deployment of DER

The largescde penetration of behinghe-meter DER idlistribution networks has the potential

to significantly impact bulk electric systems. These impacts are driven primarily by DER
penetration levels (i.e., total installed capacity) as well as by how DER deployarents

distributed throughout distribution networks.

The first use case developed for the prototype software framework developed in this project
targets the ability to quickly assess the laiggmle potential for DER deployment based the cost

effectiveness bbehindthe-meter DER investments.

This analysis is done considering how different customer classes are distributed over different
service territories, and the coftenefit analysis is performed individually for each customer
class by leveraging the optination capabilities available through BERM. The optimization
results are then aggregated to the feeder level, suggesting the potential for deployment of

different DER.

Use case 2: Estimating optimal DER locations with respect to DER impact on tatliiige s

The ongoing discussion on largeale integration of DER in distribution networks is largely
revolving around impacts that include frequency control, voltage stability, and reliability. These
impacts are dependent not only of the nature, sizingd alispatch of different DER, but aJso

and very importantlyon their location with respect to the grid.

Given the integrated nature of the software framework developed in this project, bethied
meter DER investment and dispatch decisions can be traaskirectly into grid impacts by

means of power flow studies that reflect changes in net loads introduced by béméacheter
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